Studies on fish assemblages in streams point out, that understanding the relationship between species and their environment is crucial for conservation. The present study aimed at evaluating the effects of changes in abiotic variables on the composition and structure of fish assemblages in Neotropical urban streams from southern Brazil with different levels of urbanization. The composition and structure of fish assemblages showed significant differences along the urbanization gradient observed in the streams. Tolerant and non-native species were found in more urbanized sites. A matrix correlation revealed a relationship between abiotic variables and the spatial pattern of structure and composition of fish assemblages. Abiotic variables, such as total phosphorus, dissolved oxygen, and conductivity, determined the distribution of fish assemblages. Streams without urban influence exhibited intrinsically low species richness, suggesting that they are highly susceptible to species loss and diversity reduction. Thus, changes in water quality or hydrological conditions induced by urbanization may intensify these impacts.
Introduction
Understanding spatial and temporal changes in population size and distribution, as well as mechanisms and processes responsible for these changes, is an important goal of community studies (Ornellas & Coutinho, 1998) . The current rate of destruction, alteration, and fragmentation of natural habitats as a result of human activities led to an alarming loss of global biodiversity (Schindler, 2007) . The fast growth of urban centers resulted in habitat degradation, with marked effects on aquatic ecosystems (Lee, 2000) . Biotic and abiotic factors affect the distribution and abundance of fish, in both pristine and impacted streams (Schlosser, 1991; Paul & Meyer, 2001 ).
Abiotic factors, such as integrity of the riparian vegetation, spatial differences in habitat diversity and structural complexity (e.g., wood debris, macrophytes, backwaters, and rapids), morphometric characteristics (depth, water velocity, and substrate), spatial differences in physical and chemical variables (water temperature, electric conductivity, nitrogen and phosphorus concentrations, and pH), and biotic interactions (competition and predation; Schlosser, 1990; Infante et al., 2009; Pool et al., 2010) affect the distribution of species in pristine streams. In urban streams, changes in the landscape greatly affect species distribution (Alberti et al., 2007; Fialho et al., 2008; Maloney & Weller, 2010; Alexandre et al., 2010; Cunico et al., 2012) . Urban growth through construction and deforestation has increased surface runoff due to soil sealing (Paul & Meyer, 2001 ). These factors may increase sediment load and discharge, altering channel geometry (Montgomery & Buffington, 1998) .
Despite a significant increase in studies on the ichthyofauna of tropical streams in the past few years, temperate areas are still better known (Winemiller et al., 2008) . Fish diversity estimates in Brazilian inland waters, mainly in urban streams, are still imprecise due to the lack of comprehensive inventories . First-order streams are abundant and unique components of the river network: they have high biological diversity and are important for the maintenance of the biotic integrity of entire ecosystems (Meyer et al., 2007) . Studies assessing responses of fish species to urbanization in headwater streams are scarce in the Neotropical region (Cunico et al., 2006) , making it difficult to develop strategies for impact mitigation and conservation of the fish fauna.
Hence, the present study aimed at evaluating the relationships between abiotic variables and the distribution of fish assemblages in some Neotropical streams. Our main objective was to understand how changes in abiotic variables affect the composition and structure of fish assemblages in streams with different anthropogenic activities.
Material and Methods

Study area
Data were collected in nine sites of three first-order streams (sensu Strahler, 1957;  Fig. 1, Table 1 ), in the São Francisco Verdadeiro River sub-basin. The streams are located within the urban area in the city of Toledo, State of Paraná, southern Brazil, and belong to the Paraná III basin (Suderhsa, 2009) , which is composed of several sub-basins, including the São Francisco Verdadeiro River sub-basin. This sub-basin, formed by several rivers and streams, became highly-impacted due to human activities, such as agriculture and urbanization (Gubiani et al., 2010) . Corn and soybean crops, as well as livestock such as pigs, cattle, and fish, are the main land use regimes in the area. Fish farming occurs exclusively in ponds, in which Oreochromis niloticus is the main species.
The headwaters of Panambi Stream are located within the urban area in the city of Toledo (Fig. 1) ; the margins are fully occupied by residences, and receive domestic and industrial effluents, such as sewage, oil, and grease. The headwaters of Pinheirinho Stream are located outside the urban area in the city of Toledo (Fig. 1) and are affected by agriculture (% rural use = 51.58); in its middle portion the stream is impacted also by residences. Jacutinga Stream is less impacted by residences, but it is affected by aquaculture and agriculture (% rural use = 75.42; Fig. 1 ).
Sampling
We selected three sites (headwaters, middle, and mouth; Table 1 ) in each of the three streams studied, and samples were collected bimonthly from December 2007 to December 2008 along the streams (Fig. 1 ). Fish were collected with permission of IAP (Instituto Ambiental do Paraná, permit n° 755/2008). The length of the sampling transect in each site was standardized in 40 m. This length represents approximately 20 times the channel width and comprises at least one complete meander wavelength. This approach assures that all habitat types are represented within each transect (Hauer & Lamberti, 2007) . Fish were caught with an electrofishing equipment powered by a portable generator (HONDA, 2.5 kW, 220 V, 3-4 A) connected to a DC transformer and two electrified net rings (anode and cathode). Output voltage varied from 400 to 600 V. Each transect was sampled three times from downstream to upstream by four people in a constant fishing effort of 30 min each time, following Esteves & Lobón-Cerviá (2001) . The sampling site was blocked by a net (0.5 cm of mesh size) to prevent fish from getting in and out.
After being captured, fish were killed with benzocaine hydrochloride (250 mg. The level of urbanization (given as a percentage) was measured using high-resolution satellite images in Spring 4.3.2 (Camara et al., 1996) . The drainage area was measured using overlapped images and altimetric charts. The percentage of urbanization was calculated by overlapping micro-basin and urban limits (land use and infrastructure). Impermeable surface areas were measured using the vectorial edition tool in Spring 4.3.2. These variables were used to describe environmental conditions and their potential effects on the structure of fish assemblages.
Data analysis
Composition and structure of fish assemblages. Species identification followed Graça & Pavanelli (2007) , except for Trichomycterus sp. and Ancistrus sp. Species classification followed Eschmeyer (2012) for higher taxa and Reis et al. (2003) for Neotropical families. Fish abundance was measured as density (individuals.hectare -1 ). We applied a non-metric multidimensional scaling analysis (NMDS) to summarize the composition and structure of fish assemblages using Sorensen distances and following the general NMDS procedure proposed by McCune & Grace (2002) . Random start configurations, with 100 runs of real data and a stability criterion of < 0.005 standard deviations of stress were used. This analysis was carried out using the density matrix of each sampling site.
To test for differences in composition and structure of the fish assemblage among sites summarized by the NMDS, we used a multi-response permutation procedure (MRPP) with different urbanization percentages (Table 1; Zimmerman et al., 1985) . The null hypothesis was that the composition and structure of the fish assemblage did not differ among sites; we used a Monte Carlo procedure with 10,000 permutations to estimate the significance.
The indicator value method (IndVal; Dufrêne & Legendre, 1997) was used to detect how differently each species is distributed among sites. The indicator value of a species varies from 0 to 100, and it reaches its maximum value when all individuals of a species occur in all sites within a single NMDS group. We tested for the significance of the indicator value of each species with a Monte Carlo procedure with 1,000 permutations. Table 1 . Stretches sampled in three streams located in urban area in the city of Toledo, State of Paraná, southern Brazil, as well as their geographic coordinates and level of urbanization.
Abiotic variables and their influence on fish assemblages.
Abiotic variables were divided into two matrices: one with physical and chemical variables (electric conductivity, pH, water temperature, dissolved oxygen, total nitrogen, total phosphorus, BOD, and COD), and the other with morphometric variables (width, water velocity, discharge, depth, clay, silt, and sand). A multivariate analysis of variance (MANOVA; Scheiner & Gurevitch, 1993 ) was used to test for differences among abiotic variables. We tested for normality with the Shapiro-Wilk test and for homoscedasticity with the Levene test. Whenever the MANOVA was significant, it was possible to use a oneway ANOVA for each variable separately (Johnson, 1998) . Hence, we also calculated one-way ANOVAs (factor: streams -Jacutinga, Pinheirinho, and Panambi). The main ANOVA model, controlling for temporal variability among blocks, was not significant (blocks: months). Whenever the one-way ANOVA was significant and its assumptions were met, we used a Tukey test to identify the categories that differed from each other. When none of the assumptions of ANOVA were met, we used the rank transformation method (Quinn & Keough, 2002 ) and then applied a parametric ANOVA to ranked data (Conover & Iman, 1981) ; homoscedasticity was also tested in the ranked data. Furthermore, when the assumptions of ANOVA were not met, we also used a non-parametric Kruskal-Wallis test (Zar, 1999; Quinn & Keough, 2002) . Matrices were summarized using a principal components analysis (PCA). As the variables showed strong linear bivariate relationships, the PCA was chosen as the most appropriate ordination technique to summarize the variation. To determine which principal components would be retained for interpretation we used the broken-stick model (Jackson, 1993) . According to this model, only the axes with eigenvalues higher than the eigenvalues generated with the broken-stick model should be interpreted.
The association between multivariate summaries of abiotic variables and composition and structure of fish assemblages was tested using a procrustean superimposition approach (Gower, 1971; Jackson, 1995; Peres-Neto & Jackson, 2001) . In this analysis, two data matrices are compared using a rotational-fit algorithm that minimizes the sum of squared residuals between them (m 2 statistic; Gower, 1975; Rohlf & Slice, 1990) . The resultant lower value of m 2 is a goodness-of-fit statistic that describes the degree of association between the two matrices. To evaluate the significance of m 2 , a permutation procedure (Protest; Jackson, 1995) was used. To stabilize the estimated P-values, we used 10,000 randomizations (Jackson & Somers, 1989) .
NMDS, MRPP, IndVal, and PCA were calculated in PCOrd ® 4.0 (McCune & Mefford, 1999) . The analysis of variance was carried out in Statistica TM 7.0. The procrustes statistic was calculated in PROTEST ® (Jackson, 1995) . The statistical significance level adopted for all analysis was 0.05.
Results
Fish assemblage
A total of 4,768 individuals were caught, which were ascribed to 25 species of 6 orders and 10 families (Table 2) . Regarding the urbanization gradient (see Table 1 ), the highest number of species was captured in the Jacutinga Stream (20 species; 1,709 individuals), followed by Pinheirinho (19 species; 1700 individuals) and Panambi streams (18 species; 1359 individuals; Table 2 ). The largest number of non-native species (Oreochromis niloticus, Poecilia reticulata, Tilapia rendalli, and Xiphophorus helleri) was observed in streams with high urbanization level ( Table 2 ).
Composition and structure of the fish assemblages
The NMDS summarized the composition and structure of the fish assemblages and separated the studied streams (Fig.  2) . After 38 iterations, the stability criterion was met with a final stress of 13.93 (Monte Carlo test: p < 0.00422) for the 2-dimensional solution. The proportion of variance represented by each axis, based on the r 2 between distance in the ordination space and distance in the original space, was 0.73 for the axis 1 and 0.16 for the axis 2, summing up 0.89.
The distribution of points along the axes 1 and 2 (Fig. 2a ) suggests that the composition and structure of the fish assemblages were highly affected by spatial changes along the urbanization gradient. We found significant differences in the composition and structure of fish assemblages among streams (MRPP; A = 0.173; p < 0.001). These differences can be clearly observed in the distribution of the average values of the axes 1 and 2 (Figs. 2b-c) , showing that urbanization affects the composition and structure of the stream ichthyofauna.
The urbanization gradient was characterized by different sets of indicator species (IndVal; Table 3 ). Astyanax aff. bockmanni, Crenicichla britskii, Gymnotus pantanal, Hoplias sp. 3, and Phalloceros harpagos were significant indicators in the Jacutinga Stream, which has low urbanization. Astyanax aff. fasciatus, Astyanax aff. paranae, Heptapterus mustelinus, and Trichomycterus sp. were significant indicators in the Pinheirinho Stream. Hypostomus ancistroides, Rhamdia quelen and, the non-native species X. helleri were significant indicators in the Panambi Stream, which was considered as the most affected by urbanization.
Abiotic variables
Mean values of physical, chemical, and morphometric variables of the streams are presented in Table 4 . According to the MANOVA, the effect of streams was significant (F 30; 92 = 6.75; p < 0.001). Significant spatial differences were found in conductivity, pH, dissolved oxygen, total phosphorus, width, discharge, depth, and silt (Table 4) .
The principal component analysis produced a matrix of physical and chemical variables and a matrix of morphometric variables. In the analyses of both matrices, two axes were retained for interpretation. In the PCA based on physical and chemical variables (cumulative explained variance = 49.92%; Fig. 3a) , the axis 1 (eigenvalue: 2.43; % of variance: 30.34%) was the most important. Total phosphorus and conductivity (eigenvectors: 0.58 and 0.56, respectively) were positively correlated with the axis 1, whereas the variable dissolved oxygen (eigenvector: -0.32) was negatively correlated with the axis 1 (Fig. 3a) . These variables were responsible for the separation of sites along the urbanization gradient, according to physical and chemical variables.
In the PCA based on morphometric variables (cumulative explained variance = 73.02%; Fig. 3b ), the axis 1 (eigenvalue: 4.14; % of variance: 51.77%) was also the most important (Fig. 3b) , although less evidently. This PCA showed that the streams were relatively homogeneous in terms of morphometric variables. Width (eigenvector: 0.41), sand (0.38), and discharge (0.38) were positively correlated with the axis 1, whereas silt (eigenvector: -0.36) was negatively correlated with the axis 1 (Fig. 3b) .
Abiotic variables and their relationship with fish assemblages
The axes (ordinations) with abiotic variables were compared with the NMDS axis (ordinations), which summarized the composition and structure of the fish assemblages. The distribution of the three streams on the first two axes was associated only with physical and chemical variables. The association with physical and chemical variables on the composition and structure of fish assemblages was significant (PROTEST; m 2 = 0.94; p = 0.040). The variables associated with spatial changes were phosphorus, conductivity, and dissolved Table 2 . List of species and number of individuals recorded along the urbanization gradient in urban streams (Jac, Jacutinga; Pin, Pinheirinho; Pan, Panambi) in the city of Toledo, State of Paraná, southern Brazil, from December 2007 to December 2008. * Non-native species; Tol = Tolerance (T = tolerant; S = sensitive), following Bozzetti & Schulz (2004) , Pinto & Araújo (2007) , and Casatti et al. (2009 Casatti et al. ( , 2012 oxygen. However, morphometric variables were not significant (PROTEST; m 2 = 0.94; p = 0.053) corroborating the lack of association between morphometric variables and the distribution of fish assemblage.
Discussion
Many factors affect the structure, composition, distribution, and functioning of ecological assemblages: primary production, habitat use, resource limitation, interspecific interactions, climate, morphometric variables, and zoogeographical factors (Gido & Jackson, 2010; Olden et al., 2010) . Local processes (limnological and structural characteristics of the habitat and intra-and interspecific interactions) have been suggested as the main structuring factors of fish assemblages in different environments (Wang et al., 2006; Johnson et al., 2007) . However, in urban watersheds, environmental variables affect the structure of fish assemblages at multiple spatial scales; the structure of the fish assemblage results from in-stream conditions, and the effect of catchment conditions on fish is expressed both directly and indirectly through its influence on in-stream factors (Cunico et al., 2012) . In the present study, the association of the fish assemblages with electric conductivity, total phosphorus, and dissolved oxygen along an urbanization gradient evidenced the effects of chemical changes caused by urban organic effluents and surface runoff. Aquatic environments in urban regions have higher concentration of nutrients (phosphorus and nitrogen), due to inefficient sewage treatment and illegal effluent discharge (Paul & Meyer, 2008; Alexandre et al., 2010) . Similarly, residues created by human activities have diffuse effects on water bodies and are associated with surface runoff in catchment areas. Nutrient concentration in watersheds with impervious surface above 5% often exceeds that of other watersheds during both baseflow and stormflow (Schoonover et al., 2005) . According to Alberti (2005) , high nutrient concentration, which is frequently observed in urban drainage areas, creates unsuitable conditions for some fish species. Our results corroborate these observations, as streams in more urbanized areas had lower species richness, higher number of tolerant species, and higher occurrence of non-native species. We found some potential indicator species. The high abundance and frequency of Poecilia reticulata, R. quelen, Heptapterus mustelinus, and Hypostomus ancistroides in the most urbanized areas show that these species may be potential indicators of urbanization. The families Poeciliidae, Heptapteridae, and Loricariidae are indicators of stream quality, because of their tolerance to habitat variations and impacted environments (Kennard et al., 2005; Vieira & Shibatta, 2007; Winemiller et al., 2008) . The species Poecilia reticulata, R. quelen, Heptapterus mustelinus, and Hypostomus ancistroides are resistant to changes in water quality, specially high concentration of phosphorus, low dissolved oxygen, and low depth (Cunico et al., 2006; Vieira & Shibatta, 2007) . The occurrence of some invasive species is strongly related to habitat degradation; they replace native species (Casatti et al., 2006 (Casatti et al., , 2012 . Altered conditions in urban streams may facilitate colonization by non-native species (Boët et al., 1999; McKinney, 2006; Paul & Meyer, 2008) . Boët et al. (1999) reported that the urbanization of Paris resulted in the introduction of 19 non-native species and the disappearance of seven out of 27 native fish species from the Seine River. In addition, aquarium trade has been a frequent cause of fish species introduction in urban environments. Non-native ornamental species of the genera Poecilia and Xiphophorus are commonly found in urban aquatic environments in South America (Cunico et al., 2009 ). In addition, fish diversity and abundance decrease along the longitudinal gradient, whereas the relative abundance of tolerant species, which are usually non-native, increases with urbanization (Boët et al., 1999; Gafny et al., 2000; Onorato et al., 2000) .
The release of industrial residues and urban wastes into surface waters is a major threat to biodiversity in urban aquatic environments. In Indian and Chinese rivers, impacts of pollution on fish assemblages have been reported (Natarajan, 1989; Dudgeon, 2000) . Provenzano et al. (2003) studied the Lake Valencia Basin in Venezuela and showed that urban and industrial pollutants resulted in poorer stream fish assemblages and probably in the extinction of at least one endemic species. Moreover, excessive loads of organic matter increase biological oxygen demand, phosphorus and nitrogen concentrations, and reduce dissolved oxygen in the water column of streams, what may lead to massive fish mortality (Boët et al., 1999; Winemiller et al., 2008) . In addition, other land use regimes may have also significant impacts (e.g., agriand aquaculture, strongly active in the studied streams).
The total phosphorus concentration in an aquatic environment may be used to assess the impact of human activities. The total phosphorus concentration increased along the studied urbanization gradient; the highest values were recorded in the streams that were most affected by urbanization. According to Paul & Meyer (2001) , high nutrient concentration in urban areas, mainly phosphorus, are caused by an increase in particles associated with this element present in sewage and by the leaching of impervious surfaces, resulting in reduction in oxygen levels and changing the composition and structure of the ichthyofauna.
Anthropogenic activities, such as urbanization, agriculture, and aquaculture, may alter the ichthyofauna of streams. Hence, urban planning is essential to avoid stream sedimentation, altered hydrology, and large loads of nutrients and organic matter. A low increase (5% in the streams Pinheirinho and Panambi) in the urbanization level has changed the composition and structure of fish assemblages, due to changes in conductivity and concentrations of dissolved oxygen and total phosphorus. Spatial changes were reflected in the presence of tolerant and non-native species, which may easily invade more urbanized sites. Thus, management aimed at reducing runoff, decreasing impervious areas, and reducing point source pollution should be implemented, in order to preserve the native ichthyofauna. 
